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INTRODUCTION
HR (heart rate) is the simplest physiological variable to measure for estimation of exercise intensity (EI) and energy expenditure (EE). The recent rapid development of wearable technology incorporating HR and motion sensors facilitates measurement of EE over extended periods of time and this information may assist individuals in making healthy lifestyle changes.
In both a home and work setting, technology has resulted in decreased levels of physical activity. Within manufacturing industries, automation, mechanisation and robotics have reduced the physical demands of OPA resulting in increased sedentary behaviour [1] considered to be associated with an adverse health risk [2] .
The use of HR to estimate EI is reliant on the linear relationship of HR to oxygen uptake (VO2) [3] . However cardiorespiratory fitness (CRF) and tobacco smoking will influence this relationship [3] and to use HR without individual calibration of the HR-VO2 limits its use. When using HR to estimate EE at near sedentary levels of activity where the HR-VO2 relationship is less precise, the flex HR (HR flex ) method is frequently used [4] . Individual HR-VO2 calibration is a prerequisite and in defining HR flex as the average of the highest resting HR (HR rest ) and the lowest level of activity HR (HR activity ), time spent below HR flex is considered to be 1 MET (1 MET being the VO2 at rest, namely 3.5mL O2·kg ) [5] . The ability to correct for variables such as CRF and smok-ing that influence the HR-VO2 relationship was demonstrated in the recently published HR index (HRI) equation [6] . The equation relies on two variables to estimate EE, namely HR rest and HR activity , the equation being METs = 6 × HRI -5, with HRI being HR activity /HR rest . The equation was determined from data from 60 studies involving 11,257 subjects and the relation of HRI to VO2 (expressed as METs) was shown to be independent of common factors such as age, gender, CRF, smoking and beta-blocker effect. The original data are shown in Figure 1 .
The utility of this equation is that it provides a simple independent surrogate method for estimating VO2 using only two HR measurements, HR rest and HR activity , either submaximal or maximal. Whilst there has been no analysis to date to determine its predictive accuracy for individual assessment of VO2, a recent study used HRI to assess EE in soldiers performing loaded runs from 10-20km in full combat equipment in a field environment [7] . An extremely close agreement was found between the use of HRI to assess EE when compared with equations previously validated by indirect calorimetry. The study is important for at sustained high work level (>50-75% of maximum VO2), "cardiovascular drift" may occur [8] . This altered HR-VO2 relationship is largely attributed to a reduction in stroke volume due to inadequate fluid replacement during extended work, particularly in work conditions involving high levels of ambient temperature and humidity [8, 9] .
With the world-wide trend towards increasing obesity [10] , measurement of the EE of both OPA and LTPA is paramount for determining the potential contribution of decreased EE to obesity. In using both HR and HRI the impact of both smoking and exercise habits on OPA was assessed.
METHODS

HR Data Acquisition Device
A self-contained microprocessor-based HR recording device designed in 1981 by one of the authors (D.C.) in the Bioengineering Department of Greenslopes Hospital was used to acquire HR histogram data during extended daily activity by hospital workers [11] . Using a 3-lead system, the device continually monitors the R-R interval. The effective HR for each beat is determined with each beat being placed in a HR histogram bin (5 beats•min -1 width), the range of recorded HR being from 35 to 175 beats•min -1 (a total of 30 bins). On completion of the recording period stored data was downloaded to a computer. Data obtained from the microprocessor included total time, total number of heart beats and bin totals of heart beats.
Proposed Calculation of HR Indices for EI Assessment
In the initial development of the HR histogram recorder at the Greenslopes Hospital, staff during a standard work period were assessed with recordings being done over a 4-8 hour period. By incorporating rest periods of at least 20-30 minutes (during refreshment and lunch breaks), data acquired by the HR histogram recorder showed that the HR delimiting the lower 5% of beats corresponded to a period of approximately 30 minutes and was designated HR rest . The HR delimiting the upper 10% of beats within the HR histogram corresponded to approximately 30 minutes and was designated peak HR (HR peak ).
To use relative HR as a basis of EI assessment, two indices were calculated, namely mean index (HRI mean ) = HR mean / HR rest and peak index (HRI peak ) = HR peak /HR rest ( Figure 2) .
From the HRI mean and HRI peak of the five occupational groups, an estimation of EI as METs was determined from the HRI equation. The values of HR, HR indices and estimated EI represent mean values for the total recording period.
Subjects
Ethics approval for the study was obtained from the Greenslopes Repatriation Hospital Human Research Ethics Committee. Written informed consent was obtained from all participants, the one subject aged 17 years providing written consent from her parents. From a total of 190 individual subject recordings, 14 were excluded as unsatisfactory, the main reasons being unsatisfactory lead contact or inadequate length of recording. The remaining 176 HR histogram recordings from hospital staff (93 females and 83 males) with an age range from 17 to 60 years, from 5 different occupational categories were included in the present study. Subjects wore the recording device continuously for one work period, the mean recording time being 6.4±0.9 hours. During the recording period subjects were advised to have at least 20-30 minutes of rest during refreshment or lunch breaks to allow determination of HR rest . The contact time required with the subject for personal data acquisition was done prior to the recording period.
Determination of occupational category was performed by interview with an occupational therapist, where a subject's job description and the range of activities undertaken during a typical working day were evaluated. An onsite inspection of the hospital facility where subjects worked assisted with estimating the likely MET levels associated with activities performed. The 5 work categories used for this study were 1. Sedentary (very inactive) -sitting most of the day e.g. secretaries, telephonists 2. Ambulant-sedentary (fairly inactive) -sitting for most of the day, short periods of standing and walking e.g. paramedical personnel, supervisors 3. Light (somewhat active) -some sitting, moderate amounts of standing and walking e.g. nursing staff, electricians, kitchen hands 4. Moderate (fairly active) -intermittent periods of lifting, carrying, stair climbing, constant walking throughout day e.g. laundry workers, painters, carpenters and 5. Heavy (very active) -heavy or constant work for most of the day, using heavy tools, involving lifting, carrying, pushing, pulling, stair climbing e.g. builders, porters, plumbers, storemen.
In the voluntary recruitment of staff an attempt was made to have similar numbers of subjects in the 5 occupational categories. The categories of light, moderate and heavy were chosen to suit the range of work undertaken by subjects within this hospital and were not based on any particular industrial or international classification. The inclusion of the ambulant-sedentary was based on observation of Lange-Andersen who noted that amongst sedentary workers, a significant number undertook incidental physical activity which impacted on total EE [12] .
Personal information obtained included age, sex, height, weight, smoking habit, exercise participation and medication. No subjects were on beta blocker therapy and all were in sinus rhythm as shown by prior ECG screening. Subjects were classed as either smokers or non-smokers. In assessing LTPA for both recreational exercise and sport, the type (estimated MET intensity), frequency and duration of activities were noted and a total MET-minutes per week was calculated for each subject based on MET levels from a compendium of activities sourced from published data at the time this study was undertaken [13] . In analysing the effect of CRF within this study, subjects were classed as either exercisers (n = 95) or non-exercisers (n = 81), with non-exercisers stating that they did not participate in any regular physical activity.
Statistical Analysis
Minitab Student release 12 (Minitab Inc, State College, PA, USA) was utilized for statistical analysis. Categorical variables are expressed as numbers and percentages with continuous variables expressed as mean ± standard deviation. Student's paired t-test was used to compare group characteristics. The distribution of behavioural characteristics within occupational groups was determined by chi square test.
RESULTS
Subjects ranged in age from 17-60 years, males 35.9 ± 11.2 (mean±SD), females 33.9 ± 10.2 years. The BMI for males was 24.9 ± 3.3 and for females 22.1 ± 3.2. At the time of the study in 1984, 39 males (46%) and 28 females (30%) smoked with rates of smoking in Australia at that time being reported as 40% and 29% for males and females respectively [14] . A total of 81 (46%) subjects stated that they engaged in no regular exercise or sport. Summary data is shown in Table 1A (males) and 1B (females).
For both sexes a gradation in HRI mean is seen from the lowest to the highest intensity occupational category. For males, the HRI mean for sedentary workers was 1. . However, the gradation in work intensity was again consistently shown by use of HRI mean . A similar gradation by occupational category for HRI peak is seen for both sexes which suggests that as HRI mean increases, HRI peak tends to parallel this change. Male subjects in the heavy work category had both a higher HRI mean and HRI peak than females; HRI mean males, 1.37 and HRI mean females 1.30 (p = 0.009), HRI peak males, 1.73 and females, HRI peak 1.59 (p=0.004).
To assess the individual effect of smoking and exercise participation on HR rest , group data for males and females were combined. The group mean HR rest for smokers (n = 67) was 78.8 beats•min -1 and 71.3 beats•min -1 for nonsmokers (n = 109), a difference of 7.5 beats•min -1 (p<0.001). The group mean HR rest for exercisers (n = 95) was 69.1 beats•min -1 and 80.1 beats•min -1 for non-exercisers (n = 81), a difference of 11.0 beats•min -1 (p<0.001). When considered by gender, similar differences were observed between males and females.
The effect of smoking and exercise habit on HR rest is shown in Table 2 where HR rest is displayed in quartiles. In quartile 1 (HR rest 60.2 beats·min -1 ), 84% had a regular exercise habit and 84% were non-smokers. A gradient of a decreasing rate of exercise habit and increasing rate of smoking is seen from quartile 1 to quartile 4, such that in quartile 4 (HR rest 86.3 beats·min -1 ) only 18% had a regular exercise habit and only 32% were non-smokers.
The study design attempted to discriminate between sedentary and ambulant-sedentary categories assuming that self-reported activity would identify individuals who undertook a higher level of incidental activity. However, a similar HRI mean for sedentary and ambulant-sedentary categories was observed for males, the HRI mean for both groups being 1.19 (estimated 2.0 METs). For females, the corresponding HRI mean values for sedentary and ambulantsedentary were 1.17 and 1.22 (estimated 1.9 and 2.2 METs respectively, p=0.016). To identify subjects within the sedentary and ambulant-sedentary groups with higher levels of either incidental or work-related activity, a separate analysis of the combined group of sedentary and ambulantsedentary (S+AS) was undertaken. The intention was to discern the effect of smoking and exercise habit on HRI mean . Data for both males and females for the two groups were pooled and divided into two roughly equal groups, a low Table 3 .
For both sexes, the observed differences of age and BMI between the two activity groups were not significant. However, for males the HR rest and the HR mean for the least active S+AS were significantly higher than the more active S+AS (p<0.001 and p=0.009, respectively); the HR profile for least and most active S+AS females was similar to the males (HR rest , p<0.001and HR mean , p<0.001).
Whilst the HR results for low and high range A+AS for both males and females were unexpected, this observation is likely related to the smoking and exercise habits of both groups. For males, 62% of the least active S+AS smoked compared with 0% for the more active S+AS (p<0.001). For females, 58% of the least active S+AS smoked compared with 6% of the more active S+AS (p=0.001). Fewer males in the least active S+AS exercised when compared with the more active S+AS, 37% and 80% respectively (p=0.029). For females, the least active S+AS exercise participation rate was 26% compared with the more active S+AS exercise participation rate of 74% (p=0.003).
DISCUSSION
The purpose of this study was to examine the individual effects of smoking and a regular exercise habit on HR and therefore HRI, and the ability of HRI to determine activity patterns of both sedentary and manual workers within a large metropolitan hospital. Though the concept of displaying occupational HR in the form of a histogram has previously been used, there has been no published method of processing histogram data to estimate EI in METs [15] [16] [17] . The HRI method used in this study simplifies the use of HR to determine EI and estimate EE for a defined work period. However, at the time of the study, the limited memory capacity of the R-R interval recorder did not allow for estimates of accumulated time above defined MET thresholds e.g. light intensity 1.6 -2.9 METs, moderate intensity 3.0 -5.9 METs and heavy intensity >6 METs [5] .
For both male and female occupational categories, HR mean did not show any consistent trend to suggest increasing work intensity in progressing from sedentary to manual work categories, being influenced by exercise participation and smoking rates within occupational categories. However, with the use of HRI mean , the trend of increasing work intensity was clearly apparent for both males and females across the five occupational categories (Tables 1A Males, 1B Females). The correction resulting from the use of HRI accounts for (and negates) the influence of the two common factors of smoking and CRF on the physiological modulation of HR. Other factors that can affect HR response include extreme environmental work conditions (heat, cold, high humidity) but were not relevant to the work conditions observed within this study at this hospital [9] .
The significant difference in HR rest observed in this study between smoking and non-smoking workers of 7.5 beats•min -1 (p<0.001) is similar to that observed in previous studies [18, 19] . Exercise participation had an even greater effect on HR rest when comparing exercisers with nonexercisers, the difference being 11.0 beats•min -1 (p<0.001). The impact of smoking and non-exercise participation is shown in the representation of HR rest as quartiles in Table  2 , with quartile 1 (predominantly non-smoking with a regular exercise habit) having a group mean HR rest of 60.2 beats·min -1 , compared with quartile 4 (predominantly smoking and non-exercise), which had a group mean HR rest of 86.3 beats·min -1 . Population studies have consistently shown that higher levels of CRF and physical activity are associated with lower rates of smoking [20, 21] . Within this study, rates of smoking in exercising and non-exercising males were 27% and 67% respectively. A similar trend was noted with females, with smoking rates for exercising and non-exercising females being 22% and non-exercising 57% respectively.
The independent value of HR rest as a prognostic variable is well established with lower levels of HR rest being associated with reduced all cause and cardiovascular mortality [22] . The methods used for determining HR rest are variable, two principal factors being position (supine, sitting or standing) and the time at rest before recording [22] . However, the HR rest of male and female non-smoking subjects in this study is remarkably similar to Center of Disease Control (CDC) data (study males 69.2 beats•min ) [23] . HR rest could have been measured independently of the HR histogram recorded data but the study design relied on the inclusion of a minimum 20-30 minute rest period (during refreshment and lunch breaks) for determination of HR rest . As HR rest is a crucial measurement for determining HRI, it is highly desirable that its measurement is standardized.
Whilst the essential component of sedentary behaviour is that of prolonged sitting, the current consensus is that sedentary behaviour be defined by activities < 1.5 METs [24] . Other studies e.g. Current Population Survey and the American Time Use Survey have used a higher cut-off point of 2 METs [1, 25] . Within a sedentary occupation there will be components of prolonged sitting interspersed with periods of standing and walking. The sitting activity itself may entail various physical levels of upper limb activity. This variation in incidental activity associated with sedentary work will affect the average EI during a defined work period.
Whereas it is necessary to individually calibrate the HR-VO2 relationship with exercise testing when using the HR flex method [4] , the HRI method does not have this requirement being independent of the various factors that influence the HR-VO2 relationship [6] . HR flex is frequently in the range of 8%-16% above HR rest [26, 27] , i.e., equivalent to an HRI of 1.08-1.16, (estimated 1.5-2.0 METs), and that HR flex increases significantly with ageing [28] . Studies that have used HR flex as a cut-off point advocate that time spent below HR flex be considered as equal to resting metabolism i.e. 1 MET [28, 29] . For the 68 subjects within the combined sedentary and ambulant-sedentary categories, mean predicted MET levels for the entire work period ranged from 1.61 to 3.05 METs, with not one subject having a mean MET level of < 1.5 METs. For the 25 subjects that had a HRI of < 1.16 (approximating the upper limit of HR flex ), the estimated mean MET level was 1.84 METs, noticeably higher that what would have been accepted by the HR flex method.
This study suggests that both smoking and exercise habit influence OPA particularly in sedentary occupations. Individuals with higher levels of incidental activity in the A +AS group as shown by a higher HRI mean had significantly higher participation rates of LTPA (Table 3A and 3B). In measuring sitting time and step counts of office workers, Clemes et al showed that office workers with lower sitting time had both higher step counts at work and on nonworkdays, suggesting higher levels of LTPA, a similar observation to this study [30] . The importance of identifying the more active sedentary worker is supported by the results a recent publication from the Maastricht study. Reallocation of 30 mins of sedentary time per day to standing or stepping was significantly associated with 7-25% lower odds for the metabolic syndrome and 6-21% lower odds for type 2 diabetes [31] . In our study, a trend towards a lower BMI was noted in both males and females in the more active ambulant and ambulant-sedentary groups, with these subjects having higher rates of LTPA and lower rates of smoking. Whether a higher HRI mean within a defined occupational category is associated with increased work productivity is a matter of conjecture. However, a known consequence of smoking and exercise habit is that higher rates of absenteeism have been observed with both smoking and lower levels of CRF [32, 33] .
Three categories were used to define manual work (light, moderate and heavy). For these three categories, the estimated mean MET levels for males were 2.3, 2.4 and 3.1 respectively, and for females 2.2, 2.3 and 2.7 METs respectively. In using the commonly accepted international reference range for PA (sedentary 1.0-1.5 METs, light 1.6-2.9 METs, moderate 3.0-5.9 METs and heavy > 6 METs), 93 (86.1%) of the manual 108 workers within the hospital would have been classed as 'light' OPA, the remaining 15 (18.9%) of workers being within the 'moderate' OPA classification. Whilst this internationally accepted classification may be an appropriate expression of EI over a short period of continuous PA e.g. 15-60 minutes, it may be less appropriate for expressing the EI intensity over a prolonged period of discontinuous PA, with varying work intensity interspersed with rest breaks that are likely to occur during an 8-hour work schedule.
The utility of using a defined level of peak activity (as METs or alternatively as an HRI peak ) is demonstrated in a study determining daily EE from ambulatory electrocardiographic monitoring of 843 patients at Beaumont Health in Royal Oak, Michigan. Mean and peak METs were estimated from the HRI equation [34] . Their study showed that peak activity greater than 5 METs was associated with significantly lower health cost (approximately 50%) than with subjects having less than a 5 MET peak activity. With epidemiological studies it is clear that the method used to assess OPA is crucial, particularly if studies are to be compared, a comprehensive review of the strengths and limitations of PA assessment tools having been recently published by Ainsworth [35] .
The rapid expansion of wearable technology has focussed on measurement of energy expenditure (EE). By using different sensors, commonly optical HR and motion sensors, proprietary algorithms utilize recorded data in conjunction with anthropometric variables to estimate EE. Currently, errors of measurement of EE with these devices are large (20-40% error) when compared with the accepted comparators of indirect calorimetry or doubly labelled water [36] . However, the recent study by Colosio demonstrated that in using only HRI to determine EE, the results closely approximated those from equations validated by indirect calorimetry [7] . Data used in this study was acquired in 1983-84 using used a purpose-built microprocessorbased recorder to measure HR and generate and store HR histograms. Use of a histogram with a bin width of 5 beats·min -1 was necessary to compress the data to fit into the miniscule available memory capacity at that time of only 256 bytes of data memory. Currently available HR recording devices have extremely large memory capacities (up to gigabytes) enabling recording of every heart beat over extended time periods (more than 24 hours). Our study suggests that the use of HR data alone, in the form of HRI may well provide a more accurate estimate of EE than that attained from proprietary algorithms incorporated in the presently available wearable devices. Data downloaded from these HR recording devices can be easily processed using commercially available spreadsheet programs enabling histogram construction and comprehensive data analysis. Time spent above defined MET thresholds can be determined and the extended recording time offered by these devices allows for separate interrogation of OPA and LTPA which assists in determining temporal trends of PA and health risk associated with both low and high levels of PA.
CONCLUSIONS
The results of this study suggest that smoking and CRF may influence the occupational behaviour of sedentary workers. By continuous recording of HR and the use of a HR histogram, HR indices derived from HR rest , HR mean and HR peak allow for estimates of EI during a period of OPA. The intrinsic value of the HRI is that it negates the effect of factors that may influence HR such as level of fitness, smoking habit and the effect of medication e.g. beta-blocker therapy. The observed levels of the three HR measurements (HR rest , HR mean and HR peak ) and HR indices (HRI mean and HRI peak ) have the potential to stratify health risk resulting from the effect of smoking and CRF on HR. This method appears to be particularly suited to evaluating sedentary occupations where the contribution of incidental activity to EE can be determined.
